Appendix. Detailed Statistical Methods
We selected index hospitalizations in the year 2014 and used demographics/clinical comorbidity profiles of this population as a reference to estimate mean potential outcomes (e.g. readmission, ED treat-and-discharge and observation unit stay) in each of the 45 months from January 2012 to September 2015. Let ( = 1,2, … , 45) be the potential outcome in month , be a vector of patient characteristics including demographics, type of index hospitalization (HF, AMI, and pneumonia) and comorbidities, and be the month indicator. Let = ∑ ( = ) 45 =1
be the observed outcome. Under the no uncontrolled confounding assumption, we have:
In equation (1), the outside equation is with respect to the distribution of for index hospitalizations in 2014. Equation (1) suggests that we can fit a regression model using data within month to obtain predicted value ̂( | , = ), which suggests the following estimator:
Therefore, we fit logistic regression model (for single count of event) and Poisson regression model (for multiple counts of event) within each month , where the dependent variable is the outcomes of our interest and the independent variables are elements of . For the Poisson models, we also account for the length of follow-up with an offset (e.g. a patient that died at day 20 after discharge was followed for only 20 days instead of 30). The scale parameter of the Poisson model was estimated using the deviance to be more robust to deviation from Poisson distribution. The fitted models were then used to predict the outcomes of the hospitalizations in 2014, which were then averaged to obtain ̂( ).
Once we obtained ̂( ) ( = 1,2, … ,45), we fitted smooth spline of ̂( ) against , where the maximum degree of freedom is set at 5. We also fit a separate simple linear regression to summarize the rate of change in event rates. be the observed outcome, where I is the indicator function. Let R indicate the set of index hospitalizations in 2014. Let = ( | ) be the average of the potential outcome over the population R. Let be a vector that includes demographics and comorbidities variables. Under the assumption that and are independent conditional on . We have
Appendix: Inferential Strategy
(1) Equation (1) suggests that we can estimate by ̂= ̂[̂( | , = )| ], where ̂( | , = ) is the predicted observed outcome based on a regression model fitted to data ( , ) from month , and ̂[ • | ] is the empirical average over the hospitalizations of 2014 in our analysis data set. Therefore, the strategy to estimate ̂ is the following: 1. Fit a logistic regression model using data in month ( = 1,2, … ,45) 2. Compute the average of the predicted outcome under using the data from 2014, which is ̂ Once we obtain ̂ ( = 1,2, … ,45), we fit a smoothing spline model to ̂to estimate the longitudinal trend. Because we already standardized the case-mix to that of 2014, the trend reflects effect of some other factors beyond case-mix. 
